Background: The treatment used to combat acute lymphoblastic leukemia (ALL) is multidrug; therefore it is important to use active pharmacovigilance to detect, assess and analyze the likely adverse reactions which may occur during the same period. Objective: To determine the frequency of adverse reactions to chemotherapeutic drugs in children with ALL. Material and Methods: Intensive pharmacovigilance was used to record the reports of adverse reactions to vincristine, L-asparaginase and the vincristine-L-asparaginase combination in children with ALL in a paediatric hospital. For each notification, the adverse reactions were analyzed in order to verify causality. Results: Forty patients were evaluated. Twenty children were female (50.0%) and 20 were male (50%). The children had a mean age, weight and height (±standard deviation: SD) of 8.1 (±3.4) years, 31.4 (±13.9) kg and 1.3 (±0.2) m, respectively. Vincristine was administered to 19 patients, vincristine plus L-asparaginase were given to 19 patients and only 2 patients used L-asparaginase. One-hundred-ninety adverse reactions were detected in the patients, with an average (±SD) of 4.8 (±2.6). Ondansetron was the drug administered for the treating of nausea and vomiting. One hundred eighty-one (95.3%) adverse reactions were identified as "definite", 5 (2.6%) as "probable" and 4 (2.1%) as "doubtful". Conclusions: There is a high incidence of adverse reactions by the administration of vincristine and L-asparaginase; the reactions of highest incidence were: nausea, vomiting, neutropenia, diarrhea, constipation, mucositis, headache, and abdominal pain. It is important to promote the detection, collection, reporting, assessment and treatment of ARD's in children. It is necessary to promote the conduct further studies on pharmacovigilance with this type of treatments and to increase the duration of the studies.
Introduction
Cancer is a term that refers to diseases in which abnormal cells divide uncontrollably and can invade various tissues nearby. Cancer cells can also spread to other parts of the body through blood and the lymphatic system. Leukemia is a kind of cancer that starts in blood-forming tissues such as bone marrow and causes large numbers of abnormal blood cells to be produced and enter the blood stream. Acute lymphoblastic leukemia (ALL) reflects a heterogeneous group of diseases that are characterized by variability in immunophenotype, cytogenetics and clinical features [1] . ALL is the most common pediatric malignancy. The world incidence of ALL varies between 20 and 35 cases per million [2] , whereas the incidence of ALL in Mexican population is greater than 40 cases per million [2] [3] [4] . Therapy for childhood ALL involve the induction, central nervous system (CNS) prophylaxis, intensification and maintenance phases. In general, the induction phase includes the following chemotherapeutic agents: glucocorticoid, vincristine, L-asparaginase and/or an anthracycline. The prophylaxis of CNS usually uses early intensive intrathecal therapy with methotrexate, hydrocortisone and cytarabine [5] . The Intensification phase (consolidation) is designed to eliminate residual leukemia and includes a readministration of the initial therapy 24 weeks to 3 months following remission. To enhance continuation of remission, children with ALL receive maintenance chemotherapy for 2 -2.5 years following consolidation. Weekly doses of methotrexate and daily mercaptopurine are standard, with intermittent pulses of vincristine and a glucocorticoid administered in most settings [6] . Chemotherapy is an important modality in the treatment of ALL. However, chemotherapyinduced damage to normal cells results in chemotherapy toxicities and side effects. In general, this toxicity can be seen in those actively dividing tissues such as bone marrow, hair follicles and gastrointestinal mucosa. Therefore, strict pharmacovigilance is required by the presence of adverse reactions.
Pharmacovigilance is defined as the science and activities concerned with the detection, assessment, understanding and prevention of adverse reactions to medicines (i.e. adverse drug reactions or ADRs). The ultimate goal of this activity is to improve the safe and rational use of medicines, thereby improving patient care and public health [7, 8] . In the chemotherapy, the pharmacovigilance is used to identify new information about adverse reactions and prevent damage to the patients [7, 8] . Large amounts of pharmacovigilance data about chemotherapeutic drugs are dispersed throughout research papers in the literature and pharmaceutical industry. However, reports about side effects by chemotherapy in Mexican children are very scarce and limited [9, 10] . Therefore, the present study aimed to monitor notifications of suspected AR produced by vincristine and Lasparaginase in patients with ALL in a Mexican pediatric hospital.
Methods
The aim of this study was to determine the frequency of suspicion of adverse reactions to vincristine and L-asparaginase. A single-center, prospective, longitudinal and analytic trial was conducted at the Hospital del Niño DIF Hidalgo, Mexico from January to July 2012. The Ethics and Investigation Committees (Hospital del Niño DIF Hidalgo, Mexico) approved the study protocol, and the study was performed according to the guidelines delineated by the Declaration of Helsinki.
Participants who met the following criteria were included: patients with ALL, ranging in age from 2 to 15 years, both genders and whose parents accepted to participate in the study.
The Mexican paediatric hospital where the study was carried out is an adolescent and children's hospital that cares for newborn patients to patients 17 years of age. The researchers explained the objective of the study to the children and their parents, obtained written consent and gathered baseline information of the medical history. Intensive pharmacovigilance was realized while patients were receiving vincristine and/or L-asparaginase in remission induction phase; data were recorded on a special format for reporting suspicious of adverse reaction. For each notification, the adverse reactions were analyzed in order to verify causality. In this study an expert panel applied the Naranjo algorithm [11] . This algorithm classifies the reactions into four types: Definite, probable, possible, and doubtful. Data were entered into a computerized database. SPSS version 17 for Windows (SPSS Inc., Chicago, IL, USA) was used for descriptive statistical analyses. Data are shown as frequencies, percentages and mean ± standard deviation of the mean (SD).
Results
A total of 40 patients were evaluated from January to July 2012. Twenty children were female (50.0%), and 20 were male (50.0%). Anthropometric data of the patients (age, weight, height, body mass index, weight for age and height for age) are displayed in the Table 1 . Vincristine was administered to 19 patients, vincristine plus L-asparaginase were given to 19 patients and only 2 patients used L-asparaginase in the study period. The drug dosages used were: vincristine to 1.5 mg/m 2 and L-asparaginase to 10,000 U/m 2 . Vincristine was diluted in 20 mL saline solution (0.9%) and it was administered in intravenous bolus in 4 to 5 minutes. L-asparaginase was not diluted and it was administered in intramuscular bolus in 60 to 90 seconds. A total of 190 adverse reactions were detected in the patients ( Table 2) , with an average (±SD) of 4.8 (±2.6) ADRs/child (range: 0 -14); 120 of these ADRs (63.2%) were produced by the vincristine-L-asparaginase combination (range: 0 -11 and mean ± SD of 6.3 ± 2.2), 60 ARDs (31.6%) were induced by vincristine (range: 0 -14 and mean ± SD of 3.16 ± 1.9) and 10 ARDs (5.2%) were made by L-asparaginase (range: 1 -2 and mean ± SD of 5.0 ± 2.8). Ondansetron was the drug administered for the treating of nausea and vomiting (84.2% in the vincristine group, 73% in the vincristine + L-asparaginase group and 100% in the Lasparaginase group). Pharmacotherapy administered 1 or 2 weeks before the administration of vincristine and/or L-asparaginase is displays in the Table 3 .
According to the relationship between the drug administration and the presence of adverse reactions, these were evaluated and analyzed by the Naranjo modified algorithm, where 181 (95.3%) were identified as "definite", During the administration of vincristine, 55% of adverse reactions were mild and 45% were moderate. In the group with vincristine and L-asparaginase combination, 41.8% of adverse reactions were mild, 57. 4% were moderate and only 0.8% were severe. After the administration of L-asparaginase, 30% of the reactions were mild and 70% were moderate.
In the vincristine group, in 13 (68.4%) patients the ARs did not let sequelaes and in 6 (31.6%) patients the ARs let mild sequelaes, but recovered. In the vincristine plus L-asparaginase group, in 15 (78.9%) patients the ARs did not let sequelaes and in 4 (21.1%) patients the ARs let mild sequelaes, but recovered. In 1 patient the ARs (50%) to L-asparaginase did not let sequelaes and in 1 (50%) patient the AR let mild sequelaes, but recovered. No patient died during the study period.
Discussion
During the study we could demonstrate that nausea and vomit were the main adverse reactions to both vincristine and L-asparaginase. Nausea and vomiting are the most important side effects associated with chemotherapy in children with cancer [12] [13] [14] [15] . Nausea and vomiting are also responsible for the poor treatment compliance. There are three distinct syndromes, but related, of nausea and vomit induced by chemotherapy, which can be classified according to their occurrence. Acute: it is seen in the first 24 hours after treatment has started. The incidence and severity vary widely. Delayed: it occurs in 20% -80% of patients 24 hours after chemotherapy, lasting 1 -7 days, with peak intensity usually on the third day. In 25% of pediatric patients occur anticipatory nausea and vomiting (also called conditioning or psychological), indicating that symptoms appear prior to the therapeutic administration of chemotherapy. This phenomenon is due to a conditioned response to the effects of prior chemotherapy and associated environmental stimuli such as location, smells, tastes, sensations previously experienced by patients receiving chemotherapy [12] [13] [14] [15] . It is important to note that vincristine and Lasparaginase are classified as drugs with minimal emetogenic potential (<10%) [16] . However, it has been mentioned that the classifications have limitations because the imprecise and inconsistent ways in which reports of nausea and vomiting have been recorded in the most therapeutic studies [16] . Therefore, the high prevalence of nausea and vomiting observed in our study could be due to two possible causes: the chemotherapy individual or combined or the concomitant medications observed in Table 3 . Likewise, results show that nausea and vomiting are being inadequately treated. Hence, the medical and nursing staff should be extra careful in dealing with these adverse reactions.
Constipation, mucositis and neutropenia were also common in our patients. These reports are comparable with reports of the literature [17] [18] [19] [20] . Pancreatitis has been reported in about one fifth of pediatric patients receiving L-asparaginase [21, 22] . In fact, the combination of vinca alkaloids and L-asparaginase therapy has been linked to pancreatitis in humans [23] . In our study, 2 patients experienced mild pancreatitis. These patients were receiving vincristine plus L-asparaginase. There are few reports of the association of pancreatitis and the use of vincristine alone [24] . It has been demonstrated in mice, that vinca alkaloids alone are able to cause degeneration of acinar cells of the pancreas [25] . However, vincristine administered to dogs did not cause clinical or subclinical pancreatitis [26] . Therefore, care should be taken on the possible occurrence of this reaction when patients are receiving the vincristine-L-asparaginase combination.
Cystitis was a side effect identified in a patient by the use of vincristine with L-asparaginase. There is a report in the literature about a clinical case of cystitis in a patient with treatment of advanced seminoma with cyclophosphamide, vincristine and carboplatin [27] . However, there are in general few reports of cystitis caused by vincristine and/or L-asparaginase. It is important to note that this AR can be preventable in most cases, since you need to hydrate the patient before and after the drug administration in order to prevent accumulation of drug at the urinary bladder. For this reason, it is possible that the patient was dehydrated at the time of administration. The World Health Organization (WHO) published an alert about the fatal results by the vincristine administration by spinal route [28] . The WHO suggests the administration of vincristine in a diluted volume (e.g. 50 mL normal saline) via a minibag. In our case, vincristine was diluted in 20 mL saline solution (0.9%) and it was administered in intravenous bolus in 4 minutes.
Vincristine and other anti-cancer drugs are well reported to exert direct and indirect effects on sensory nerves to induce peripheral neuropathy characterized by progressive motor, sensory, and autonomic involvement [29] . There are reports indicating that vincristine-induced neuropathy depend of increased sensitivity and/or variability in the vincristine pharmacokinetic [30] . In the last case, pharmacokinetic studies reported a 19-fold difference in the area under the concentration time curve in children [31] . Likewise, a recent study did not found a correlation between vincristine clearance, vincristine neurotoxicity, age, sex or concomitant steroid therapy [32] . Therefore, it is possible to find fluctuations in the incidence of vincristine-induced neuropathy in children. That was observed in the present study, where neuropathy was found only in 25% of patients. Henceforth, the docu-mentation of factors influencing the vincristine-induced neuropathy is necessary.
Coagulation defects can be produced by vincristine and L-asparaginase in a few patients [33, 34] . These effects are due to vascular defects, thrombocytopenia, and platelet dysfunction. Bleeding or coagulation alterations were not identified in the preset study. We do not have a real answer to this pattern. Probably these alterations were presented in the patients before or after the evaluation period or these alterations were avoided by the concomitant drugs administration (folinic acid or corticosteroids). Therefore, pharmacovigilance should be made from the admission to the discharge of the patient.
Most adverse reactions reported were known. However, polydipsia was presented in a patient with the vincristine and L-asparaginase combination. The same patient presented odynophagia, mucositis, diarrhea, vomit and dehydration. In this case, polydipsia was rated as mild and classified as "doubtful" according to the Naranjo algorithm. It is probable that the dehydration of the patient could have caused the presence of polydipsia.
As mentioned in the literature, there are several drug interactions that may potentiate the occurrence of adverse reactions as in the case of concomitant use with other anticancer agents, antibiotic, steroids, and other drugs that can produce the same adverse reactions. For this reason, care must be taken in the presentation of adverse reactions when using polypharmacy in patients with cancer.
Fortunately, most of the ARD's observed with the use of these two drugs left no sequelae in the patients, but we should not reduce the monitoring of adverse reactions to avoid considerable complications.
Conclusions
It can be concluded after analysis of data that there is a high incidence of adverse reactions by the administration of vincristine and L-asparaginase; the most common being nausea, vomiting, mucositis, neutropenia, diarrhea, and constipation; ranging from mild to moderate. The present study provides strong evidence to promote the detection, collection, reporting, assessment and treatment of ARD's in children. It is necessary to promote the conduct further studies on pharmacovigilance with this type of treatments and to increase the duration of the studies.
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